Background: Moderately vigorous physical activity (MVPA) provides a protective affect against cognitive decline and cardiovascular risk factors. Less is known about sedentary pastimes or non exercise physical activity (NEPA) and cognitive performance. Method: 125 healthy adults 65 or older with no clinical evidence of cognitive impairment were enrolled. The CogState computerized neurocognitive battery was administered. Leisure activities were measured using the Community Health Activity Program for Seniors (CHAMPS). Results: Sedentary pastimes were associated with executive dysfunction (P ¼ 0.01); MVPA with high memory scores (P ¼ 0.05) and NEPA with improved working memory (P ¼ 0.05). Only sedentary pastimes and executive dysfunction retained significance after correction for multiple comparisons. Smoking and alcohol confounded the association of memory with sedentary pastimes and MVPA. Conclusions: Study highlights: negative impact of sedentary pastimes on executive function, need for additional investigation of sedentary behavior, NEPA, the impact of addictions upon activity in late life.
Introduction
With the rising proportion of older adults in the population, there has been a growing interest in maintaining ''brain fitness'' in later life. 1 Compelling evidence from prospective studies has shown that engagement in stimulating cognitive activities is associated with a decrease in the rate of cognitive decline 2, 3 and a reduced risk of incident dementia. [4] [5] [6] Similarly, physical activity provides a protective effect against cognitive impairment regardless of the form of measurement: ActiGraph accelerometer, self-report, or doubly labeled water. 2, [7] [8] [9] [10] [11] [12] [13] [14] In a community-based sample of cognitively unimpaired elderly women, those with the highest exercise frequency and who expended the most kilocalories were least likely to experience cognitive decline. 12 Greater energy expenditure resulting from moderately vigorous physical activity (MVPA) appears to be one key to maintaining brain fitness. [10] [11] [12] 15 However, the domain-specific effects of physical activity on cognition are not well understood, with reports suggesting improvements in executive function, memory, processing speed, and attention. 2, 7, 13, 14, 16 Physical activity also reduces the rate and severity of cardiovascular risk factors such as hypertension and obesity, each of which are associated with an increased risk of cognitive impairment in late life. 17, 18 In a recent study of aging males, nonsurvival was associated with current and past smoking, high alcohol intake, a low physical activity index, and poorer cognitive performance. 19 Alcohol dependence, even when drinking onsets only after 65, is associated with poorer executive function and memory than in a nonalcohol-dependent normative group. waist circumference, abnormal glucose metabolism, hyperlipidemia, higher risk of cardiovascular events, and all cause mortality. 22 The first goal of this study was to examine the extent to which objectively measured memory and executive function were associated with physical activity. We hypothesized that better performance on measures of memory and executive function would be associated with MVPA. The second goal was to examine the extent to which cognitive functioning was associated with sedentary pastimes. We hypothesized that poorer performance on measures of cognition would be associated with a more sedentary lifestyle. The third goal was to determine whether cardiovascular risk factors would confound the observed associations between cognitive performance and activity levels. We hypothesized that cardiovascular risk factors (smoking, alcohol use, waist hip ratios [WHRs] , hypertension, and body mass index [BMI] ) could be confounders of sedentary pastimes and cognitive performance specifically for memory and/ or executive function.
Methods

Participants
The population consisted of older adults without clinical evidence of cognitive impairment who consented to participate in a longitudinal study of 3 years duration. Here, we report a cross-sectional analysis of the results of the baseline visit. The participants met the following eligibility criteria: (1) age 65 or older; (2) 23 ; and (3) no acute or serious medical conditions. Participants were recruited by the University of Pennsylvania Alzheimer's Disease Center from its ''normal control'' cohort and in outreach efforts to a suburban residential setting for independent living, from an Older Adult Registry for African Americans interested in research participation, and other community-dwelling individuals in the greater Philadelphia area.
The study population was administered the prescreening Telephone Interview for Cognitive Status to eliminate potential participants who clearly did not meet protocol requirements. Those with scores >28 were eligible per established norms for definitely (range [33] [34] [35] [36] [37] [38] [39] [40] [41] and probably nonimpaired (range [26] [27] [28] [29] [30] [31] [32] . 24 The mean for our population was 35 (standard deviation [SD] ¼ 2.6; range [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] . A history of medical conditions was taken from the participants and confirmed in their records. A review of medical conditions revealed a multitude of agerelated illnesses, controlled by treatment and not exclusionary. One individual had significant Parkinson's disease that precluded writing, and another was undergoing chemotherapy that affected mental clarity. A total of 150 potential participants were approached and screened; of these, 10 withdrew, 12 declined, and 3 did not meet the eligibility criteria. The final sample was 125. The University of Pennsylvania institutional review board approved the study, and all participants provided informed consent.
Leisure activity measure. The Community Health Activity Program for Seniors (CHAMPS) questionnaire assesses the weekly frequency and duration of 40 different activities undertaken by older adults. (See Table 1 for a detailed description of the items included in each type of activity.) These include NEPA (eg, watering houseplants and walking while shopping), MVPA (eg, cycling, tennis, dancing, brisk walking, golf, brisk walking, and aerobics), and sedentary pastimes (eg, computer time, playing cards, or dinner with friends). 25 The CHAMPS has moderate 6-month stability, good test-retest reliability, and acceptable predictive validity. 26 The CHAMPS also showed moderate correlations with the Physical Activity For The Elderly and the Yale Physical Activity Scale. 27 Stewart et al assigned a standard metabolic equivalent (MET) value to each activity and adjusted the intensity for older adults. In our study, metrics for physical exercise included frequency, hours, and energy expenditure (METS*hours). Energy expenditure was computed using the algorithm developed by Stewart et al consistent with the guidelines of the American College of Sports Medicine. 25 All participants were provided assistance during scale completion. 33 
Statistical Analysis
Descriptive statistics were used to characterize the study population. Histograms were generated for each outcome variable. Of the 125 participants, 118 had complete data for the CogState Tests. Outliers that were 2 or more SDs from the mean were not included in the analysis (1 subject for CPAL and 1 subject for GMLT). Four participants had missing data for the ISL and were removed from the analysis for this test. Given the sample size and the number of neurocognitive tests administered, formal analyses were performed using 3 composite outcomes based on the following neurocognitive domains: processing speed/ attention (DET and IDN); memory (OCL, ISL, ISRL, and CPAL); and executive function (ONB, TWOB, and GMLT). To create the composite variables, each individual variable within a cognitive domain was transformed into a z-score using the mean and SD of the total sample in this study. These z-scores were then averaged across tests resulting in a single composite score for processing speed/attention, memory, and executive function for each participant. Higher scores on these composites indicate better performance. We report P values without adjustment for multiple comparisons. [34] [35] [36] However, given that 3 outcomes are of interest: processing speed/attention, memory, and executive function, a Bonferroni adjusted P value of .0167 will be used as the threshold for statistical significance.
To evaluate the relationship between exercise and cognitive performance, linear regression analyses were performed and the results tested for potential confounding by age, sex, race, and education. The CogState composite score was entered as the outcome variable and the leisure activity (moderately intense physical exercise in kilocalories, hours or times per week; sedentary pastimes) entered as the independent variable. Table 2 shows a distinct linear model, with each row representing the association between the outcome measure (CogState composite score) and each of the independent variables. When there were no significant findings on the composite scores, post hoc analysis of the individual memory and executive function tests were done. This applies to NEPA and to the examination of the confounding effects of cardiovascular risk factors. A confounder was defined as any risk factor that impacted the association of interest (ie, executive function and sedentary pastimes) by 10% or more when added to the multivariable model. All analyses were performed using Stata Version 12 (StatCorp, College Station, Texas).
Results
Characteristics of the Study Population
There were 125 participants in the study. The mean age of the cohort was 77 (SD ¼ 7.2; range 65-95). The mean years Table 3 .
Distribution of Leisure Activities
Socially engaging (eg, dinner with the spouse and visit with the grandchildren) and cognitively stimulating activities (eg, computer time surfing the net, e-mailing, and games) were the most commonly selected activities from the CHAMPS items. Social and cognitive items were combined to create a composite variable for sedentary pastimes. The CHAMPS has numerous options for NEPA, and these were popular. Fewer participants elected MVPA ( Table 1 ). The mean number of hours participants were involved in MVPA was 3.91 hours over 8 sessions with an average energy expenditure of 2.57 kcal/wk. The mean number of hours spent in NEPA was 9.4 hours over as many as 16 sessions with an average energy expenditure of 2.06 kcal/wk (Figure 1 ).
Sedentary Pastimes and Cognitive Performance
Sedentary pastimes are associated with performance on the Executive Function composite score. Specifically, lower scores were significantly associated with more sedentary behaviors ( Table 2 ). This result retained statistical significance even after the Bonferroni correction of the P value.
Moderately Vigorous Physical Activity and Cognitive Performance Table 2 shows significant and nonsignificant findings of the linear regression analysis with the outcome variables being the CogState composite scores and the independent covariates being the frequency of exercise, the hours spent, and the energy expended. Energy expended in MVPA was positively associated with cognitive activity, but the frequency and duration of MVPA were not. The memory composite scores were higher for those involved in MVPA, but this did not reach significance at the lowered threshold P ¼ .017.
Cardiovascular Risk Factors as Confounders of the Association of Activity Level and Cognitive Performance
Sedentary pastimes. None of the cardiovascular risk factors (smoking, alcohol, BMI, WHR, or hypertension) met the criteria for confounding at the 10% level of the association between executive function and sedentary pastimes. The largest impact was observed with the addition of hypertension to the multivariable model, which changed the association between sedentary pastimes and executive function by only 5%. In our evaluation of immediate verbal memory, the marginal association we observed with sedentary pastimes was confounded by reported smoking (13.5%) and alcohol use (63%).
Moderately vigorous physical activity. Smoking appeared to confound the relationship between delayed verbal memory and energy expenditure during MVPA. The association was stronger increasing by 10% (coefficient À0.00025; standard error 0.00009; 95% confidence interval [CI] À0.0004 to À0.00009, P ¼ .004) after adjusting for smoking than without the adjustment (Table 2 ). High alcohol use was also a confounder of the association between delayed verbal memory and energy expenditure. The association was stronger after adjusting for alcohol increasing by 11% (coefficient À0.0002516; standard error 0.00009; 95% CI À0.0004 to À0.00008; P ¼ .005) than without adjustment (coefficient À0.0002251; standard error 0.00009; 95% CI À0.0003947 to À0.00006; P ¼ .010). In our evaluation of delayed verbal memory, the marginal association we observed with MVPA was confounded by reported smoking (10%) and alcohol use (11%). Other cardiovascular risk factors did not influence the associations of interest.
Nonexercise Physical Activity and Cognitive Performance
With respect to NEPA, there were no significant findings on the CogState composite scores. However, more hours spent in NEPA were associated with a trend toward better performance on the one back card test, a measure of working memory (coefficient 0.019; standard error 0.009; 95% CI À4.7eÀ06 to 0.038; P ¼ .05).
Discussion
The results suggest that a higher Memory Composite Score is associated with greater energy expended with MVPA, and this finding is concordant with some previous work. 2, [10] [11] [12] In the Baltimore Longitudinal Study of Aging, cardiorespiratory fitness was associated with improved performance in the memory domain. 37 In one magnetic resonance imaging study, total energy expenditure was associated with better performance in verbal and episodic memory and increased cingulate gray matter. 38 Others have found that more physical activity 14, 39 or aerobic fitness 40 is associated with improved executive function. Thus, this article has not clarified the domain-specific effects of MVPA.
The most robust results support our second hypothesis that sedentary pastimes were associated with a poorer Executive Function composite score. To our knowledge, only one published longitudinal study examines the relationship between sedentary behavior and cognitive performance in older adults. They report that watching television was associated with lower scores on executive function tests while computer use with better performance on executive function and verbal memory tests. 21 This suggests that not all sedentary behaviors have negative implications.
None of the cardiovascular risk factors were confounders of the association of sedentary pastimes and executive function. This speaks to the health of our sample and their compliance with medical treatment (data not shown). However, a pattern emerged that both smoking and alcohol use confounded the association of memory with both sedentary pastimes and energy expenditure during MVPA. This is consistent with the smoking and drinking habits of our participants (Table 3 ). In fact, 37% were current smokers, 55% exsmokers, 46% smoked 1 pack/d, and 35% smoked for !20 years. Similarly, 39% were current drinkers, 61% exdrinkers, 11% consumed !3 drinks/d, and 28% had been drinking for !20 years. Alcohol dependence with an onset in late life is understudied. Yet alcohol dependence with an onset in late life has as an important role in causing cognitive impairment as for the earlier onset, long duration subset. 20 The contribution of late life factors to longevity was reported for 3 groups: nonsurvivors, healthy, and unhealthy survivors. Those who were current or exsmokers or abused alcohol fell into the nonsurvival group. 19 These represent modifiable risk factors. 41 In our population, the mean time spent in sedentary behaviors per week was 48 hours compared with NEPA (16 hours) and MVPA (5 hours). The accelerometer data from the National Health and Nutritional Examination Survey (NHANES) collected from 2630 adults 60 years and older were examined for the prevalence of sedentary behavior and MVPA. 42 The MVPA decreased with each successive age-group (60-69, 70-79, and !80). In the NHANES, the mean number of hours per day spent in sedentary behavior was 8.5 hours and higher for those older than 80 years. The mean number of hours per day spent in MVPA is 1.78 hours. Similarly, our population spent more hours per day being sedentary (mean ¼ 6.9 hours) and much fewer hours engaged in MVPA (mean ¼ 0.7 hours).
The American College of Sports Medicine Association recommends 2.5 to 5 hours/wk of MVPA for a total of 30 to 60 minutes/d with an energy expenditure (>500-1000 MET*-min/wk) for health benefit in adults. 28 Only a small proportion of our participants were involved in MVPA, but they met these requirements: 4 hours/wk for a total of 34 minutes/d or 533.4 MET*minutes or 257 MET*hours (Figure 1 ). Guidelines recommended for adults in the general population seem applicable to our ''fitness conscious'' subset to assure maximizing cognitive performance benefits.
For participants ''sedentary by choice,'' among the oldest of old (!85) or who have medical constraints, our findings suggest that a personalized exercise prescription would be of value. For the ''sedentary by choice,'' the strategy would be a step-wise increase in aerobic exercise, resistance training, balance, and flexibility regimes. For those among the oldest of old or having medical constraints, the focus would be on increasing NEPA. Assessment programs could be low cost, noninvasive, and easily executed. Shortcuts for calculations (target heart rate zones, heart rate variability, 43 rate of perceived exertion, maximum oxygen consumption [VO 2max ], body fat composition, 44 balance, and flexibility) and prototype exercise prescriptions are in Appendices A and B. 45 This article involves community-dwelling adults in late life with a focus on their physical exercise, sedentary pastimes, and cognitive performance. This study is among the few to examine sedentary behavior among seniors and its association with cognitive performance. It highlights the domain-specific effects of inactivity on executive dysfunction. The results also support previous findings of the association between MVPA and better performance on memory tests. Our analysis of cardiovascular risk factors highlights the importance of alcohol and smoking addictions in late life and their impact on memory performance. To our knowledge, previously unreported, increased NEPA is associated with better performance on a test of working memory.
Some limitations should be considered in interpreting our results. Because this is a relatively small sample of well-educated, professionally successful, reasonably healthy participants with a greater involvement of women and CAUCASIANS, the generalizability of these results might be limited. We compensate for this by adopting nonrestrictive eligibility criteria and employing statistical adjustments for potential confounders. The exercise duration and frequency were self-reported during an interview at a single time point and the METs* hours were then calculated. However, our results are broadly consistent with studies that use more rigorous measures (accelometers), suggesting that self-report was an adequate means of collecting the information for this study.
Conclusion
Additional research is needed to confirm the association between sedentary pastimes, NEPA, and cognitive performance. The ''tipping point'' should be identified where the dose of sedentary behavior outweighs the benefit of the physical activity. Sedentary behaviors that are cognitively stimulating should be distinguished from those with negative implications for brain fitness. Even with the current state of our knowledge, clinicians should encourage their older adults to lead more active lives, ranging from more facility with assistive devices to meeting the position stand of the American College of Sports Medicine. Target heart rate zone: 60%-80% of her age predicted heart rate max. The formula is (220 À Age ¼ Heart Rate Max Â 0.6) and (220 À Age ¼ Heart Rate Max) Â 0.8. These 2 numbers are the age-predicted target heart rate zones of 60%-80%. For medically restricted, the target heart rate zone should be between 30% and 40% of age predicted heart rate max.
Rate of perceived exertion (RPE) also determines target heart rate zone based on client's estimate of how hard their body is working on a scale of 1-10. The healthy sedentary adult should be able to achieve a score between 4 and 6 or moderate activity. The oldest of old/medically restricted may score between 3 and 4 in the light physical activity range. 
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